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research. I study whether the computer industry in Thailand has acquired a comparative 
advantage.  Then,  I  examine  how  investment  in  information  technology  (IT)  has 
contributed to the growth oftotal factor productivity for the economy as a whole. 
The methodology I adopt for measuring the performance the computer industry is 
based on a number of indices including unit labor cost, revealed comparative advantage, 
net export index and labor productivity. 
Estimating the  contribution of information technology  to the  gro",,1:h  of total 
factor productivity requires two estimation steps. First, I estimate the production function 
for  Thailand where  aggregate  output  depends  on human capital,  physical  capital  and 
labor. Total factor productivity then emerges as  the residual of this production function 
regression. In the second stage, I estimate the effect of investment in IT on total factor 
productivity, after contributing for its other important determinants. The results suggest 
that the  computer industry in  Thailand has  indeed  acquired  a  comparative  advantage 
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Introduction 

Computers and  Parts are one of the fastest growing industries  in  Thailand  This 
industry produces some of the most important export products of the country.  Although 
the industry seems to have done very well so far,  with the recent economic crisis, greater 
competition from  foreign companies,  and  problems in  industry infrastructure,  its  future 
looks more uncertain. The computer is not just an export product of  the country; it plays a 
major role  in  the country's development It  is  involved  in  the  growth of every  sector: 
education,  business,  commerce,  and  military,  and  even  entertainment.  As  in  most 
industries,  there are many factors that shape the development of the computer industry, 
such as location, the level of  technology, trade and other policies of the government, and 
the skill level of  workers. The question is whether these and other factors have transform 
computers  into  an  industry  that  can  playa major  role  in  the  computer's  economic 
development  More  specifically,  does  Thailand  have  a  comparative  advantage  in 
computers  and  parts  production?  And,  can  investment  in  information  technology  (IT) 
really contribute to Thai growth, especially in view ofIT's huge potential to affect a wide 
range of  economic activity? 
My  objective  for  this  research  is  to  exam me  Thailand's  computers  and  parts 
industry,  its  overall  performance,  and  its  contribution  to  Thai  economIc  growth.  In 2 
particular,  my  research  focuses  on  whether  the  computers  and  parts  production  has 
acquired a comparative advantage, and  on  determining the extent to which this industry 
has contributed to the growth oftotal factor productivity. 
The methodology that  I  use  to  study  the  comparative advantage for  computers 
includes several concepts and techniques. One is the unit labor cost which indicates the 
dollar cost of labor incurred in  manufacturing a typical  computer.  Then,  I estimate the 
revealed comparative advantage to  examine trade performance of this industry  Another 
concept is  the  labor productivity,  which can tell  us  about the  efficiency of computers 
industry relative to other industries within the country. 
The methodology for the second major part of the study,  namely,  changes in  the 
net export index over time,  can also  show future directions that the industry might take 
over  a  short  to  medium  term  horizon.  Estimating  how  investment  in  information 
technology affects the economy's growth relies on a two-step procedure. First, I estimate 
a production function  for the Thai economy in  order to get the estimates of total  factor 
productivity  Then,  from  the  second-stage  regression,  I  determine  the  relationship  of 
investment in information technology with total factor productivity. 
In  terms of the  results of the  study,  all  the  indicators  reveal  that  Thailand  has 
recently acquired a comparative advantage in computers and parts production. Moreover, 
the  country's  investment  in  information  technology  seems  to  have  caused  significant 
positive growth in its total factor productivity. 
The results also indicate that despite having an advantage in terms of labor 
cost,  Thai  computer  producers  face  keen  competition  from  neighboring  countries  of 3 
South  East  Asia.  The  country  would,  it  appears,  do  well  to  invest  in  information 
technology to improve upon the existing productivity level of  the economy. Chapter n 

Growth of Thailand Economv and the Computer Industrv 

From the middle of this century onwards, Thailand's economy grew rapidly with 
hardly a serious break The growth rate averaged 5 percent a year in the 1950s, 8 percent 
in  the  1960s,  and  7 percent in  1970s.  After  1985,  economic growth picked up  further 
momentum.  The  boom  since  the  middle  1980s  was  grounded  on  two  generations' 
accumulation of  capital, skill, organizational know-how, and entrepreneurial talent. In the 
late 1950s, the governments of the four tigers in the region (Korea, Taiwan, Hong Kong 
and  Singapore) started changing their economies around to manufacture for export. They 
recast taxes and  tariffs to favor manufactured exports; channeled credit and  investment 
funds  toward  industries  with  export  potential;  sank  government  money  in  large-scale 
industrial projects; and helped firms to find the technology and skills needed to compete 
in the world market. But, Thailand's government did none of these things. For centuries, 
the  Thai  economy  had  been  driven  by  agricultural  exports.  In  1960,  the  agricultural 
product  accounted  for  almost  four-;fifths  of total  exports.]  Since  1960,  however, 
Thailand's macroeconomic, trade,  and  industrial  policies have gone through a series of 
changes. Because of rapid rates of growth in Thailand and financial  stability in the world 
economy,  the  country's  industrial  and  trade  policies  were  designed  to  promote  high 
growth for local consumption. Among major policies undertaken were tariff protections, 
investment promotions, and tax incentives.  In  the  1960s, the thrust of policy was toward 
import substitution. 
1 Thailand's Boom and Bust. Pas  uk Phongpaichit and Chris Baker. Silkworm Books 1998. 5 
Thailand faced two great oil  shocks during the 1970s.  The first one in  1973-4 did 
not make much impact on the economy and  trade policy,  because it was followed  by  a 
commodity boom. The country continued on its inward-looking trade orientation through 
the 1970s. Macroeconomic and trade policies were not designed to  promote exports. The 
second oil  shock occurred in  1979 and  1980.  This finally  led Thailand to make a major 
change in  trade and industrial  policy.  The government devalued the Thai baht by  about 
15  percent in  November  1984,  moved away from  the fixed  exchange rate  between the 
baht and  the US  dollar,  and started pegging the baht to  a basket of currencies  instead. 
Besides  adopting  a  more  liberal  exchange  rate  regime  to  preclude  unwanted 
overvaluation of the baht, the Thai government offered the private sector substantial tax 
rebates and tariff reductions in  export-oriented industries. This was accompanied by cuts 
in tariff on the imports of  final goods
2 
In  1990, the total exports of  goods and  services from  Thailand stood 24 times as 
high as in  1985 
3  During the same five years,  exports to Japan rose to over three times as 
high and the exports of manufactured products almost three times  The sharp increase in 
exports rise was led by labor-intensive manufacturing firms. 
Thailand had  been using the currency basket system of the  exchange rates until 
1997 when the economic and currency crisis occurred.  As  a result of the severity of the 
crisis, the government changed the system from  a basket peg to floating exchange rates 
causmg  a  rapid  soon  depreciation  of the  currency  from  25  to  50  bahts  per  dollar. 
However,  the  baht  quickly  began  to  recover  after  the  government  negotiated  on 
2  The new rates ranged from  10-12 percent to  arOlllld 6-7 percent (in the electronic industry),  depending 
on the type of products. 
3 Value of export is in real term. 6 
adjustment  package with  the International  allocating fund,  and  by the  third  quarter of 
1998, the exchange rate had come to stabilize at around 36.80 bahts per dollar
4 
2.1  Thailand's Computer Policy 
The computer policy of  Thailand is a part of  the National Information Technology 
(IT) policy.  Although the policy does not specifically focus on the computer industry,  its 
implementation has a direct and significant bearing on this industry. 
2.2 Definition of Information Technology (IT) 
The  term  IT  is  broadly  defined  as  a  wide  range  of technologies  used  in  the 
collection, storage, retrieval and processing, as well as transmission and representation by 
way of electronic means,  of information of all  forms.  IT includes a wide range of new 
and  old  technologies  ranging  from  microelectronics,  computers,  facsimile,  software, 
databases, satellite technology, and optical fibers, to HDTV. 
In  a  broader  sense,  IT  can  be  described  as  a  "new  technology-economic" 
paradigm  affecting  the  management  and  control  of production  and  service  systems 
throughout  the  economy.  Its  phenomenal  growth  owes  much  to  the  convergence  of 
computer communications and  broadcasting technologies, which has drastically reduced 
the  cost  of information  processing  and  dissemination.s  A  reasonably  free  and  open 
4 Thailand Development and Research Institute (1998) 7 
computer  market  has  now  emerged  in  Thailand.  Because  of the  evidence  that  the 
restrictions  on  the  growth  of IT  does  more  harm  than  good  to  the  economy,  the 
Association of Thai Computer Industry (ATeL 1997t suggests that the country continue 
to consolidate this trend. Thailand signed an  agreement at the World Trade Organization 
(WTO) pledging commitment to free trade in services and IT  -related products. 
2.3 Two Major Trends in IT Policy 
Currently,  there  exist  two  important  trends  regarding  IT  policies,  namely  a 
marked shift from IT creation to IT application, and an evolution from  "policies in  IT" to 
"IT policy." 
Included under the first  trend is  the shift from  a  supply-orientation  policy that centers 
around the promotion ofIT industry toward one that is  "user-oriented", so  as to focus on 
the widest and most effective way to diffuse IT applications on a more equal footing.  The 
goal  is  so  that  minority  groups  and  the  less  privileged  are  not  deprived  of a  fair 
distribution ofbenefits and skills necessary to gain those benefits. 
The  second  and  concurrent  trend  sees  the  gradual  convergence  of formerly 
separate policy areas that is  now taking place, at least among the OECD countries  Nine 
such policy areas have been identified as especially relevant:  science and technology, IT 
use  in  industry,  IT  production,  data  communication  and  networking,  education  and 
S Thailand year-end review. Bangkok Post Internet Version (Feburary, 1999) 
(,  Association of Thailand Computer IndustIy· is the organization that links bet\veen computer producers and 
Thai government. It helps the govermnent to  adopt the policy that affects the computer industry.  ATCI  is 
also the publisher of the Statistic of the industry and related fields. 8 
training,  labor,  legal,  trade in  IT goods and  services,  and  international  cooperation.  In 
other words, as IT diffusion becomes more wide-spread and the application increasingly 
pervasive, the breadth of  IT policy, therefore, widens to cover previously separate policy 
areas of  science and technology, industrial, and social policy. 
According to a World Bank study (I997), in the other dimension ofIT policy that 
is  related to  IT acquisition,  adaptation and  diffusion,  there are six  key  policy areas and 
choices that most developing countries are likely to face namely 
1.  Supply and diffusion of  IT 
2.  Development of  necessary resources: applications and infrastructure 
3.  Human resource development to exploit IT and meet new skill demand 
4.  Equitable access to national information resources and services 
5.  Government role as a major user and promoter ofIT, and 
6.  International policy issues in IT. 
The  first  policy  area  would  entail  the choice  between  a  supply-oriented  and  a 
user-oriented policy. The second focuses on the need to prioritize sectors for applications 
and  identify  infrastructure requirements  and  strategies  to  support  priorities.  The  third 
concerns the necessary  skills and  manpower to  support  IT development.  The  fourth  is 
associated  with  availability  and  access  to  IT  resources.  The fifth  involves  the  role  of 
government as a major user ofIT. The last major policy area addresses such international 
issues  as  trans-border  data  flows,  international  standards,  information  ownership  and 
intellectual property, and differing legal systems. 
The  vision  for  Thailand's  first  national  IT  policy  is  based  principally  on  an 
overriding objective to promote the exploitation of information and the application of IT 9 
as a means to support the country's social and economic development efforts.  This is  to 
be done in ways that create equitable opportunity and benefit distribution to all  segments 
of Thai  society.  Another objective is  to  lay  a foundation for the use of IT  as  a tool  to 
enhance the  productivity  of individuals,  businesses,  and  the  government  alike,  and  to 
achieve broader social goals. 
2.4 Evolution and the Current State of Thai Computer Industry 
Thailand installed its first computer around 1963. The IBM 1401  was delivered to 
the National  Statistical Office for  national  population census data processing  But this 
type of mainframe computer was expensive and out of  reach for many private companies. 
The minicomputer arrived  on  the  scene around  1975  and  computers became affordable 
among  medium  and  large  enterprises.  But it  was  the  personal  computer  available  at 
educational institutions that helped create skills in  electronic data processing and  began 
meeting  the  IT  needs  of the  general  public.  Thirty-four  years  later,  in  1997,  the 
International  Data  Corporation  reported  that  Thailand  spent  US$437  billion  in 
Information  Technology and  Communication  (ITC).  approximately  2.2  percent  of the 
country's GDP.  Today Thailand  has  one of the most advanced  computerized  security 
trading  systems  in  South  East  Asia.  Thailand  has  a  nation-wide  Automatic  Teller 
Machine (A  TM) network with  several thousand A  TM machines  on  service around the 
clock.  Thailand has become a serious consumer of technology, even though it  is  of less 
importance as a technology producer. 10 
In  the  early  1980's  the  government  decided  to  promote  industrialization  more 
seriously. With the basic infrastructure in  place,  it  started to offer tax incentives to draw 
foreign  investment and  technological know-how into the country.  The Thai  electronics 
industry was born  In less than 20 years, Thailand has become one of the major exporters 
of computer parts in the world.  Important among these parts are integrated circuits (IC), 
IC packages, printed circuit boards (PCB), hard disks, and monitors  The export value of 
computer parts reached US$  13.5 billion in  1996,  or 28  percent of the national GDP as 
compared to only 4 percent of  the GDP in  1989. 
Computer hardware consists ofthe following six categories
7 
: 
1. 	 Large-scale computers (  enterprise  scale),  including general  purpose and  high-speed 
scientific computers. The average price for such a system is over US$ 1 million. 
2. 	 Medium-scale computers, including super mini-class and some midrange computers. 
The average price range in this category is around US$ 100,000-1,000,000. 
3. 	 Small-scale  computers,  including  servers  for  controL  communication,  peripheral, 
database  and  networks.  The  average  price  for  such  a  system  range  between  US$ 
2,000-100,000. 
4. 	 Workstations,  technical  computers with  powerful graphics such  as  the UNIX-based 
system SUN, HP Apollo and Silicon Graphics. 
5. 	 Personal  computers,  Intel  80x86  based  computers,  Apple computers,  PCs,  etc.  The 
PC  market  is  divided  into  3  categories by  their capacity  of computing power.  The 
specification of  each level is updated every year. 
Information based on report of The Association of Thai Computer Industry. (ATeI. 1(98) II 
S  pecifi cation  1997  1998 
Entry Level  Pentium 1001133 MHz RAM 8 ME  Pentium 133/200 MHz RAM 
HID 1-1.7 GB  16 ME HID 2-4 GB 
Middle Level  Pentium 150il66 MHz Ram 16 ME  N/A 
HJD  1.7-4.0 GB 
Hi-End Level  up Pentium Pro RAM 32 ME HID 4.0 GB  N/A 
6.  Peripheral devices and components, monitors, printers, scanners and storage devices. 
As  of October  1998,  there  were  55  computer assembly  factories  registered  at  the 
Department of Industry  in  Thailand with  a  total  employment of 64,375  workers.  This 
does not include even more numerous small factories throughout the country. 
Apparently,  Thailand  does  not  have  the technology to  produce  high-end  machines 
such as  computer servers.  The companies only produce small-scale  computers such  as 
personal  computer  and  components.  However,  there  are  large  manufacturing  firms 
producing  computer parts  and  peripherals  such  as  monitors,  hard  disks,  floppy  drives, 
keyboards, cables and connectors. 
These  components  and  related  products  are  mainly  for  exports.  Less  than  10 
percent of  the production is locally consumed. Thailand is a major producer of electronic 
parts such as processors, memory chips and Ie (integrated circuits).  The total  exports of 
these products was about  500 billion baht or approximately US$  13.5  billion  in  1996. 
(US$=37 baht) 
There are two types of personal computer products. One is  a local brand and another 
is  of foreign origin.  A significant fraction of the output of the second type is  sold in  the 12 
off shore markets. In the past years, there were about  10 factories that produced the local 
brands. The production of  these facilities is about 250,000 sets, about 80 percent of  which 
are sold in the local market. The rest, 20 percent is  mainly exported to the East European 
countries. 
It  is  clear that personal  computers contribute very little to the overall  output of the 
computer industry.  This may be partly due to trade policy that does not  seem to  support 
the  computer  exports,  so  that  PC  production  helps  mainly  in  import  substitution 
However, the computer component industry,  including peripherals and  parts
8
,  is  a very 
large  exporting  industry  indeed.  From  1993  to  1996,  the  export  of computers  and 
components totaled  $2.6b,  $3.7b,  $5.2b,  and  $67b, respectively.  However.  it  dropped 
abruptly to $4.8b  in  1997.  The  rate of growth for  1993-97  was  still  a  respectable  17 
percent  per  year.  The  approximate  ratio  of computer  exports  per  unit  of component 
exports  is  about  1:2.5  The  most  important  markets  for  Thai  computer  products  are 
Singapore, the United States, Japan and Europe 
The world market for computers and component products has now become highly 
competitive. Even within Thailand the gross margin has dropped steadily from  about 25 
percent in  1995  to  less than  10  percent today.  Thailand also has to  compete with many 
other countries such as China, the Philippines, Malaysia, Taiwan and Mexico. Especially 
China, the Philippines and Mexico seem to have the advantage in  labor costs.  I report the 
results of  my research based on unit labor cost in chapter III. This helps us understand the 
pattern  of comparative  advantage  in  Thailand  vis-a.-vis  the  countries  selected  in  my 
sample. 
S  We can divide the component exports into three groups namely.  input and output units.  storage llllilS and 
parts and component of computer. 13 
2.5 Economic Downturn and Computer Industry 
Finally, I review the current situation in computer and IT industries in Thailand. 
The  crisis  in  the  balance  of payments  that  triggered  the  economic  downturn  in  this 
Thailand and  East Asia in  1997 produced mixed results for the Thai  computer industry 
The  devaluation  of the  baht  increased  earnings  for  exporters  of computer  parts  and 
components in  local currency.  The average exchange rate in  1997 was 30 baht per US 
Dollar.  representing a  15  percent gain,  while the average rate in  1998  was 38  baht per 
dollar  with  a  gain  of 46  percent.  Most  of the  electronic  manufacturers  had  secured 
significant orders from  overseas in  dollars prior to the crisis  for  which deliveries were 
made in  late 1997 and  1998. These firms also had plenty of raw materials and parts that 
were bought before the baht devaluation.  They managed to order fewer  raw materials 
and  parts  during  1998  The  new  exchange  rate  resulted  in  higher  revenue  in  Thai 
currency for most of the computer-related exporters.  Although we witness a reduction in 
new orders during 1998 and  1999 due to the worldwide depressed computer market, the 
relative  stability  in  the  exchange  rate  seems  to  have  stabilized  the  overall  export 
performance of Thailand after the initial shock of 1997.  In  fact the exports show a gain 
of  3-5 percent in real terms in  1998 over 1996, the year before the crisis. The stock of raw 
materials and parts held  by computer producers were exhausted during  1998.  The firms 
started to import the raw materials and  parts at  higher prices due to the devalued baht. 
Fortunately the demand for computer related products from overseas started to recover. It 
is expected that 1999 will be another good year for the parts makers and the total exports 14 
are expected to rise in  baht terms by at  least 5-7  percent over the previous year (A  TCI, 
March 1999) 
The Thai domestic market for computer products and services however, witnessed 
heavy  setbacks during  1998  and  1999.  The domestic  sales of the  industry declined  by 
nearly 37 percent, from 42.65 billion baht in  1997 to merely 26.67 billion baht in  1998, 
and  it  is  expected to be around 27.87 billion baht in  1999
9  The shrinking purchasing 
power ofthe general public, government, and the business sector caused the PC market to 
decline by nearly 50 percent while servers and large scale computers declined by nearly 
60 percent.  Orders for Y2K software services were not big enough to offset the  loss of 
overall  software  and  service  revenue.  The  economic  recovery  is  clearly  on  the  way; 
however, the heart of the sector is  not expected to recover until early 2001.  According to 
ATCl, the economic downturn has pushed back the domestic computer market by at least 
8 years. For the information and technology sector, several studies suggest the degree of 
shrinkage of the IT market
10 The reduction was around 38  percent after their 1998  mid­
year figures were published. Many medium or small size IT companies in  Thailand have 
closed  down their operations  due  to  the  slump  in  demand  or due to  the  severe  credit 
squeeze that resulted from the  1997  currency crisis.  Many of the remaining firms  have 
survived  by  selling  shares to  foreign  investors.  Clearly,  looking  ahead,  the  number  of 
fully  Thai-operated IT  companies  will  likely  be  considerably  fewer  Despite  negative 
growth,  however, the investment climate in  Thailand now appears to be improving.  In 
addition  to  the  Apple  computer,  several  newcomers  have  lined  up  to  announce  their 
9 Computer Market Outlook 1999. Association of Thai Computer Industry (ATCI). March 1999. 
10 Thailand IT market Outlook 1995-1998. Association of Thai Computer Industry (ATC!).  1999. 15 
investment in  Thailand.  Although the government's IT budget declined heavily in  1998 
and many IT projects were scrapped or postponed, the Software Park, center of computer, 
software  and  its  related  products,  project  finally  took off and  has  been  allocated  262 
million baht to buy space in  the Vilailak building in  Bangkok. The park opened in  April 
1999 represents a commitment by the government to support the software industry.  The 
park  has  also  been  able  to  attract  a  lot  of support  from  international  software  and 
hardware  companies  Leading  companies  such  as  Intel,  Sun  Microsystems,  IBM, 
Microsoft,  Informix  and  many  others  have  committed  to  support  the  Software  Park 
Several of these companies have  offered equipment or sponsored training courses.  The 
reason that the government allocated such a large budget to this project is to attract major 
international IT companies so as to improve the IT standard of  the country. 16 
Chapter III 
Comparative Advantage, Revealed Comparative Advantage, Labor Productivity 
and Net Export Index 
In  this  chapter,  we  would  like  to  conduct  some  experiments  to  see  whether 
Thailand has. done well  in  producing and  exporting computers and  parts.  By calculating 
unit labor cose, revealed comparative advantage, labor productivity and net export index, 
we  can  have  a  clearer picture of Thailand's current  comparative  advantage  and  future 
potential in this industry.  These measures complement one another in  analyzing how the 
computer  and  parts  industry  may  have  attained  comparative  advantage  in  Thailand.  I 
compare different indices of the industry performance in  Thailand with those in  selected 
countries of  the region and the United States. 
I  include  Thailand,  Singapore,  Taiwan,  Japan  and  the  United  States
2  in  this 
analysis.  Every  country  in  this  group  is  a  developed  country  except  for  Thailand. 
Moreover,  every country is  located in  Asia except the United  States.  The reason that I 
include the United States is  to  have a reference country against  which the measures of 
costs of  production can be compared. The United States is the biggest computer market in 
the  world  both  in  term  of production  and  consumption.  For  instance,  in  1997,  the 
installed base in  the U.S.  comprised  58,567,194 units  of personal  computers in  homes 
and educational institutions that together accounted for 49.6 percent of the world use of 
computers. 
1 Data for the calculation of ULC is based on, the numbers complied by the Association of Thailand 
Computer Industry and used with a permission of Mr. Manoo Ordeedolchest CEO of Datamat Ltd and 
Chairman of A  TCL 17 
3.1  Unit Labor Costs 
One method to  see  whether or not  a country has  a comparative advantage in  a 
product is by looking at that country's unit labor cost of  production. Inputs that are freely 
traded in  the world will  have  the same price  everywhere except for  differences  in  the 
transport costs.  Labor is obviously the most important non-traded input in the production 
process.  Thus, any difference in  labor cost can have a significant effect on the pattern of 
comparative advantage for a country.  We use the following formula to compute the unit 
labor cost. 
ULC  Labor * Wage 
Output 
Where, 
ULC  =  Unit Labor Cost. 
Labor  = Total number in computers and parts production. 
Wage  = Wage rate for labor per hour. 
Output = Total production of  the industry. 
This formula yields the share of labor per dollar of the cost of producing computers and 
parts. The remaining fraction ofthe cost is attributable to other factors of  production such 
as capital, raw materials, and intermediate inputs. 
: Due to the scarcity of the data for China. Ph.ilippines. Malaysia and Mexico. I will include other countries 
with computer production in tile calculation of Unit Labor Cost. 18 
3.1.1 Data 
For this  calculation,  data on  different  variables  and  their sources  appear  in  the 
data appendix. 
3.1.2 Result 
Table  1 and  Figure  1  show unit  labor  costs  for  Thailand,  Singapore,  Taiwan. 
Japan and the United States We can see that the country with the highest unit labor cost is 
Taiwan followed by Japan, Singapore, the United States, and finally, Thailand.  From this 
analysis, we can see that Thailand has the greatest advantage in  producing computers and 
parts in terms of labor cost and Taiwan has the greatest disadvantage
3  However, in  the 
last  few  years  of the  sample,  Taiwan  has  achieved  substantial  cost  reduction.  One 
interesting point apparent from the figure  is  that the unit  labor costs for Taiwan,  Japan, 
Singapore and the United States are g~tting closer to each other. The cost in Thailand has 
been going down steadily, which seems to indicate rising production efficiency through 
learning by  doing.  Moreover,  because of the  economic crisis  in  1997,  workers  in  all 
industries receive  lower income for the same or heavier workload,  and this has  further 
reduced unit labor costs. 
3 Unit labor cost of Thailand is almost four times lower than Taiwan  This may be due to the difference in 
tJle structure of the industry. Tllis suggests tJlat we focus more on tJle trend of costs. for a cross-country 
comparison. rather than on costs for any given year. 19 
Table 1: Unit labor cost of computer and part industry in Five Countries, 1986-98 
Year 
! 
IThailand  IT - alwan  IUnited States 
1986  n/a  In/a  n/a 
1987  n/a  11.212848247*  n/a 
1988  n/a  11.007828176*  0.518785542 
1989  0.339491196  0.883841351  0.506806390 
1990  0.300782695  0.901694597  0.490444312 
I 
1991  0.270666608  10.829730178  0.442167159 
1992  10.228703243  0.835509187  0.437528474 
1993  0.209368240  0.87699808  0.376021473 
1994  10.186913512  0.883919736  0.332439294 
I 
1995  0.173837231  0.830666814  0.332391747 
I 
1996  0.174277656  0.617433207  10.341684647 
1997  0.164242840  0.502670001  0.370029307 
1998  0.129166082  0.466120609  jO.373584000 
Year  I
I 
IJapan  Singapore  I 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
n/a 
1.048248362* 
0.587242298 
0.571317832 
0.544531375 
0.546800646 
0.534631909 
0.477512658 
0.442839833 
0.403260605 
0.4169725 
0.414270404 
in/a 
n/a 
0.404462175 
n/a 
n/a 
In/a
n/a 
0.529434 
0.464765 
0.435592 
0.41082 
0.435977 
0.449892 
n/a 
I 20 
Figure 1: Unit Labor Cost 
Unit Labor Cost 
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3.2 Revealed Comparative Advantage 
The measurement of an industry's exp0I1 performance is  another method that we 
can use to assess a country's comparative advantage in international trade. 
The inherent difficulties in  measuring an  industry's true comparative advantage 
lead  Balassa 
4  to  measure  the  revealed  performance of an  industry trade pattern  as  an 
adequate indicator of  that industry's revealed comparative advantage (RCA) in trade. 
The RCA method reflects the cost of production  in  an  industry  only  indirectly. 
There are two indices in this type of  RCA measure: 
1. 	 A  measure of the relative  export performance of an  industry involving the relative 
share of a country in the world export of individual commodity, suitably normalized 
by that country's total share in world exports. 
A measure of an industry's trade balance (exports minus imports). The trade balance 
measure of an  industry's revealed comparative advantage was given less importance 
by  Balassa than  was  the  relative  export  performance  of that  industry.  In  the  next 
section, we discuss another indicator that is closely related to this second measure. 
The  RCA  approach  is  that  if country  j's  relative  share  in  world  export  of 
commodity i is greater than j's overall share in  total world exports, then country j  has a 
revealed  comparative  advantage in  commodity  i.  Moreover,  any  advantage in  export 
performance should be supported by a positive balance oftrade in commodity i. 
One determinant of an industry's relative performance is  a comparative advantage 
in  production which encompasses the traditional theory of trade in  factors such as  labor 22 
and  capital,  as  well  as  other important  elements such  as  technology and  economies of 
scale 
I use the following formula to calculate the RCA. 
(XCT/L,jXCJ 
RCACT  = 
i = 1, ... ,c, ... ,n;j = 1,  .. ,T, ... ,N 
Where X stands for export and the subscripts i and j refer to industry (product category) 
and  country,  respectively.  Similarly,  C  is  one  of the  commodities  (here  computer) 
indexed by  i,  and  T  is  one of the country (here Thailand)  indexed by  j.  The numerator 
expresses  the  country's  relative  strength  in  computer  trade  while  the  denominator 
indicates the country's relative strength in trade in all  goods  If the country's strength in 
computers  is  greater than  its  strength  in  all  goods,  then  the  ratio  RCA for  computers 
exceeds unity.  In that case the country is revealed to possess a comparative advantage in 
computers.  If RCA < 1,  then the country has a comparative disadvantage in  computers. 
A value greater than (less than) one for the computer industry implies that the country has 
a comparative advantage (disadvantage). The result of this computation appears in  Table 
2.  Data sources are explained in the data appendix 
As  we  can  see  from  Table  2  and  Figure  2,  the  RCA  for  computers  was 
consistently  less  than  one  from  1989  through  1996.  Thus,  Thailand  attained  a 
comparative  advantage  in  this  product only  in  1997  when  RCA  exceeded  one  Even 
though there was a comparative disadvantage for  most of the past decade,  we find  the 
size of the disadvantage decreasing continuously over time.  In the late  1980'  s,  Thailand 
may have started developing the computer industry with a cost disadvantage  But it  seems 
1 B.  Balassa. "Trade Liberalisation and Rcvealed Comparative Advantagc"". Manchester School May  1965 23 
to have adjusted its technology and acquired advanced human skills in order to be able to 
compete in the international market. The last ten years has  been a good learning period 
for this industry. 
Industries that start from scratch may naturally show a comparative disadvantage 
in  the data for  early  years.  This  may have been the case with  Thai  computers as  well, 
because the industry was established not  very  long  ago.  The trend toward  comparative 
advantage in computers in the late 1990s is,  however, unmistakable 24 
Table 2: Revealed comparative advantage for computers and parts export, Thailand 
Year  Revealed Comparative Advantage 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
0.24 
0.31 
0.34 
0.44 
0.57 
0.68 
0.71 
0.89 
1.10 
Figure 2: Revealed Comparative Advantage for computer and part 
Revealed Carparative Advantage 
1.m 
~ 1.00 
~ o.m 
0.00 
1~1~1~1~1~1~1~1~1~ 
Year 25 
3.3 The Net Export Index (NX) 
The use of the net  export index is  superior to  the export index  implied by  revealed 
comparative advantage, because the net export index indicates the effect of a comparative 
advantage on both exports and imports rather than exports alone.  Because of limitations 
in  the data for  1995  and  1996,  I  show the net export index for  only  seven out of nine 
years during 1990-98. 
The formula for net export index for good C and country T is as follows: 
(XCT - Mer) 
NX CT 
(XCT + M cT) 
Where, X  is  exports, M is  imports, C is  computers and parts,  and T is  Thailand.  Data is 
from the International Trade Report, Ministry ofCommerce, Thailand. 
From Table 3,  we can  see that for  1990-94 and  1997-98,  Thailand  had  a  trade 
surplus in computers and parts.  These net export indices for the same years are therefore 
positive  While the rising trend in this index is  not quite as strong as the trend  in  RCA 
our calculation of  the net export index is  consistent with our results from RCA in the last 
section.  Despite significantly positive net exports for the entire industry,  however,  two 
other observations are noteworthy.  First, intra-industry trade (lIT) in computers has been 
huge. 
5  Second, one important component of the IT  industry,  the integrated circuit,  has 
experienced  large  trade  deficit  in  1997  and  1998,  the  two  years  for  which  we  find 
5  lIT which equals l-I NX I. rose to as high as 0.8 in 1992.  and stood at 0.44 in  1998. 26 
consistent data.  Thailand has  had to import integrated circuits from  other countries for 
lack of  adequate domestic production. 
Table 3: Net export index of computers and parts, Thailand 
Thailand Net Export Index of Computers and Parts 90-94, 97-98 
ear  Export 0 fComputers an dParts 
I  1990 I  895 
1991  12.90 
1992  12.70 
1993  23.70 
1994  53.00 
1997  100.53 
1998  18534 
Year  Net Export of Computers and Parts 
1990  -1-.76 
1991  7.13 
1992  4.29 
1993  14.31 
1994  40.21 
1997  50.6-1­
1998  133.50 
(in billion of bahts) 
mport 0 fComputers <illdParts 
-1-.19 
5.76 
8.43 
9.39 
12.80  I 
-1-9.90  I 
51.80 
Net Export Index 
0.362 
0.382 
0.202 
0.432 
0.611 
0336 
0562 
Year 
1997 
Export of Integrated Circuit 
38.70 
Import of Integrated Circuit 
6480 
1998  56.00  92.10 
Year 
1997 
Net Export of Integrated Circuit 
-26.20 
Net Export Index 
-0.245 
1998  -36.20 
I 
-0.244 
I 
Source: Ministry ofCommercc. Thailand 27 
3.4 Labor Productivity 
Another way to see whether Thailand has had high enough efficiency in computer 
production  is  to  calculate  labor  productivity  in  the  industry.  By  comparing  labor 
productivity  for  computers  and  parts  with  economy-wide  labor  productivity,  we  can 
assess how this industry has performed relative to the whole economy.  This helps answer 
whether  resource  allocation  to  computers  has  been justified  vis-a.-vis  the  rest  of the 
economy.  The methodology is as follows: 
1. 	 We calculate labor productivity for the economy as a whole by dividing the GDP by 
the number of  workers in the labor force: 
LPE=  GDP/L 
Where LPE  =  Labor Productivity for  the economy,  GDP = Thailand's Gross Domestic 
Product (from the World Statistics Yearbook).  and  L  =  Labor Force (from the  World 
Statistic Yearbook) 
2. 	 Similarly,  we  calculate  labor  productivity  for  the  computer  industry  dividing  its 
output (Ye) by the number of  workers in this sector (Le): 
LPe = Ye/Le 28 
where LPc = labor productivity for computers and parts, Y  c = the value of  total output of 
computers and parts
6
,  and Lc =  number of  workers in computers and part. 
The labor productivity shows how much each worker can  produce at  any given time.  If 
labor is  homogenous across sectors and  LPc is  greater than LPE,  this  indicates that the 
computer industry is  no  less  efficient  in  the  use of labor than  is  a  typical  industry  in 
Thailand. However, a problem occurs if the average skill of a computer worker is  higher 
than the average skill  in the rest of  the economy. This comparison will  not be valid until 
we adjust for the labor quality differences.  Since the data on the average labor quality is 
not available  across  sectors,  we focus  on the growth rather than  the amount of labor 
productivity in  computers and other sectors. From Table 4,  we find  that the productivity 
in  computers has risen in  the  1990s at the rate of 20  percent per annum as  compared to 
8.18 percent in other industries. 
3.4.1 Data 
The data used in productivity calculation ranges from 1989 to 1997. The GDP and 
labor force  data  come  from  the International  Statistics  Yearbook.  The  data  on  output 
produced  and  labor  used  in  computers  are  taken  from  a  case  study  made  by 
Chulalongkorn University (1997). 
6 Case Study of Computer Industry, ChuIaIongkom University (1997), CulaIongkom Press. 29 
3.4.2 Results 
From Table 4, and Figures 3 and 4,  we find  that labor productivity for computers 
and parts is  much greater than the corresponding number for the entire economy for each 
year from  1989 to 1997  This generally indicates relatively high  efficiency in  computer 
production. 
Higher labor productivity is clearly attributable to a greater intensity in the use of 
high-cost  inputs  such  as  capital  and  advanced  technological  know-how  This  will  be 
obvious if  we rewrite labor productivity as follows: 
Y  KlL 

L  KlY 

Thus, corresponding labor productivity across sectors requires a comparison of both the 
capital-labor ratio and the capital-output ratio.  The lack of data on  capital stock used in 
the computer industry, however, precluded such a comparison. 
Nevertheless,  we get the  implication from  Table 4  that the  capital-output ratio 
must have grown at a  much slower pace  in  Thailand than the capital-labor ratio.  The 
result was a rapid growth of labor productivity in  computers relative to the economy as a 
whole.  From  1989  to  1996,  the  computer  productivity  rose  on  average  by  over  20 
percent a year, compared to the average growth below 10 percent for the whole economy. 
This  indicates  a  higher  internal  efficiency  that  Thailand  has  achieved  by  greater 
allocation of  resources toward computers and parts. 30 
Table 4:  Labor productivity for Thai economy and computer & part industry 
ILabor Productivit 
2505.879 
2776.521 
18952.03  21.05  2981 .502  7.38  /199 1 

1992 
 24469.63  29.11  3093.778  3.76 
29146.00  19.11  3371 .143 
 8.96  1993 

1994 
 35638.53  22.27  3665.649  8.73 
42427.16  19.04  3961 .013  8.84 1995 

1996 
 46928.45  10.60  4311 .243  8.85 
1997 
 33709.18  -28.16  4218.415  -2.15 
Figure 3: Labor Productivity for computer and part 
ComlaborProductivity 
~ComLabor 
Producti\ity 3l 
Figure 4: Labor Productivity for Thailand economy 
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o At this point, it  will  be appropriate to review the major strengths and weaknesses 
of  the measurement of strength of the industry.  The unit labor compares the efficiency of 
a particular industry across countries in  terms of labor cost.  This indirectly reflects the 
level of  technology as it  includes the amount of labor used per unit of output.  Less labor 
for a given output and wage reflects higher technology in  production.  A  higher output 
without any change in the coefficient of iabor or wage also shows higher technology. The 
weakness of ULC is that it  ignores other relevant factors of production,  such as  capital. 
However, this  measurement is  still  very  important because  labor  is  the  most  important 
non-traded good in production. 
The revealed comparative advantage (RCA) and  net export index (NX) measure 
the relative export performance of an industry in the world market. Failure to account for 
any cost of production directly or for the value of imports is  the drawback of RCA NX 
takes care of one problem with RCA by accounting for the value of imports, but it  does 
not  say  anything  about  the  cost.  However,  as  the  country  exports  more  of one  good 
relative to the others, it tends to have a comparative advantage in that good. 
Labor productivity shows the am.ount  that an  average worker can  produce  This 
measurement does not show a comparative advantage directly but when compared with 
such productivity in  other industries, it  indicates the efficiency of the computer industry 
relative to the others in a country. 
Although these direct  and  indirect  measurements of comparative advantage are 
not  perfect  when  viewed  individually,  these  indicators  together  can  show  how  the 
industry has  performed over the  years  in  terms of efficiency  within  the  economy and 
internationally 33 
Let  us  now  summanze the  results  about  the  computer  industry  based  on  four 
different methods we discuss in this chapter.  The unit labor cost shows that Thailand has 
a  clear advantage in  labor cost relative to other countries in  our sample.  We also  find 
evidence  of a  clear  trend  toward  revealed  comparative  advantage  for  the  computer 
industry  in  Thailand.  Third,  the  labor  productivity  pattern  shows  that  computer 
productivity per worker has remained high and has been growing fast vis-a-vis the rest of 
the economy. This, however, indicates the efficiency ofresources in computers relative to 
other industries in  the country.  Finally, the net export index has also,  for the most part, 
remained positive.  Since the results were highly favorable to the computer industry, it  is 
reasonable to believe that Thailand acquired a comparative advantage in  this industry by 
the late 1990s. 
In  its  year-end  economIC  revIew  of 1997,  the  Bangkok  Post  internet  verSIOn, 
reported that automatic  data processing  machines and  parts  retained  their  number  one 
ranking  among  Thailand's  exports  in  1997.  In  1998,  the  exports  of information 
technology products was around 600 billion bahts representing around 0.6 percent of the 
world market share. In addition, the exports of  complete personal computers amounted to 
l'S$9000 million, making Thailand ninth in the world in computer parts exports. 
From the above analysis, the computer industry seems to have high potential for 
growth in  Thailand.  There are several problems, however, that the industry is  currently 
facing and will likely continue to face over a short to medium term in the future  I discuss 
a few of  them and the related policy implications in chapter V. Chapter IV 
Role of Information Technology in Total Factor Productivitv Growth in  Thailand 
In  this  chapter,  we  look at  how information  technology  (IT)  over the  last  few 
decades has  influenced the growth of total  factor productivity (TFP)  This  can  provide 
another reason why the development of the computer industry  is  important for  overall 
growth ofthe Thai economy. 
To examine the role of IT in  TFP growth, we first  estimate a TFP series from  a 
parsimonious  specification  of  production  function.  Then  we  study  the  possible 
determinants of  TFP growth highlighting the contribution ofIT 
4.1 Calculation of Total Factor Productivity for Thailand 
We start with the generalized Cobb-Douglas production function where aggregate 
output depends on capital and labor. 
Y =  AKuLP,  0 < a  < 1,  0 < ~ < 1  (1) 
where  K = physical capital, and L = labor force and A= the level of technology. Dividing 
equation (1) through by the aggregate of inputs,  KULP.  yields A  the fraction  of output 
that is not accounted for by inputs K and L.  Thus A is  also the total  factor productivity_ 
Growth of output that is  not  explained by  capital  and  labor is  then  the growth of total 
factor productivity.  Many papers in  growth literature of which a  prominent example  is 35 
Mankiw, Romer, and Weil (1992), use human capital, H, as a third factor of production. 
This changes the production function to 
0< a  <  1,  0 < y < 1,  0 <  ~ < 1  (2) 
Dividing  equations (1)  and  (2)  by L,  we  respectively  obtain  output per worker,  y,  as 
follows: 
y = A(K<X/L CX)*(L~IL I-a)  =>  y =  AkaL a-~-I  (3) 
y =  A(Kcx/L a)*(H{IL'I)*(L~1L I-a -y)  =>  y = AkaL a+~+''{-I  (4) 
Under constant  returns to  scale,  a+~=l in  (3),  and  a+~+y=l 'in (4).  In  this  case,  the 
relevant equations are 
y = Aka,  and  (5) 
y = AkahY  (6) 
Instead of assuming the validity of one specification or the other where human capital is 
included or excluded, we estimate both to see what the data support.  An estimate of (3) 
and (4) in log terms can be used to estimate log TFP as follows: 
log A = log y - a  log k  - (a+~-l) log L,  or  (7) 
log A = log y - a  log k  - y log h + (a+~+Y-l) log L  (8) 
where a, ~, and y in (7) and (8) are the estimated values of  the original parameters. Under 
constant return to scale, the coefficient of log L in (7) and (8) equals zero 4.l.1 The Data 
The data used to perform regressions and calculate TFP come from Penn World 
Table  5.6  for  real  GDP  per  capita,  Y,  Capital  stock,  K,  and  Labor force,  L;  Human 
Capital,  h,  which  is  the  average  years  of schooling  for  Thai  adults,  is  taken  from 
Historical Data: Asia and the World Statistics Yearbook. 
Data obtained from the Penn World Table 5.6 (PWT) has  a  range that  ends  in 
1992.  To  extend  the  sample  period  up  to  1997,  we use  data for  1993  through  1997 
published  in  the  World  Statistics  Yearbook.  For consistency  across  data  sources,  we 
adjust the data for the period 1993-97 based on the numbers for 1992 from both sources. 
There was no need for adjustment in the series for human capital. 
4.1.2 Results 
We  performed the  regressions  of the  logs  of real  output  per worker on  input 
variables  including  and  excluding human  capital.  We  obtained  the best  result  for  the 
specification  that  includes  human  capital.  These  results  (with  standard  errors  in 
parentheses below each coefficient) are as follows: 
In y = 3.3923 + 0.5634111 k + 0.2806 111  h  (9) 
(.5542)  (.0952)  (.1354) 
Adjusted R2 = 0.932  S.E.E. = 0 111  D.W.  =  1.587  N = 33 37 
The results show that the coefficients of In  k and In  h are,  as expected, both positive and 
highly  significant (at 5 percent level).  The elasticity of output with  respect to  physical 
capital is 0.56 and the elasticity of output with respect to human capital is 0.28. Together, 
their contribution to the growth of  output per worker is 0.84. This seems to be higher than 
the  combined  physical  and  human  capital's  contribution  reported  in  many  empirical 
studies on growth. 
1 However, we think that relatively high rate of return to both forms of 
capital have caused their growth rates to  exceed the rate of growth of population.  Thus, 
during 1965-97, k and h grew at the rate of approximately 25 percent and  15 percent per 
annum, respectively.2 This implies that the fraction of GDP growth that is  explained by 
the growth ofTFP is approximately 40 percent] 
1 In their cross-country study, Mankiw. Romer. and Weil (1992). for example. report that human and 
physical capital had a combined output elasticity of 0.62. 
: The study by deLong and Summers. sho,vs that investment in physical capital and equipment is more 
sib'TIificant than investment in human capital. 
3 The part of GDP growth that is explained by TFP grO\,th is calculated as 
(l-O.5634(k b'TOMh)-0.2806(h gro,vth)) / y gro\\th 38 
Table 5: Production function estimates 
Intercept 
In y 
3.3923  6.1203 
S.E.E 
0.554 
In  k  0.5634  5.9152  0.095 
Lnh  0.2806  2.0728  0.135 
Adjusted R-square  0.9329 
SEE  0.1113 
OW-stat  1.58i 
Checking for auto-correlation. 
The Durbin-Watson d statistic is used to test for auto-correlation in the residual. Auto-correlation is 
characterized by St = pE  t.]  +- Ut where Et is the error term in regression and Ut  is well-behave error term. If 
p=O. it imply that auto-correlation does not exist. 
Durbin-Watson statistic from our regression is  1.587. the number of explanatory variables (k') = 3. the 
nwnber of observation (n) = 33. At 5 percent level. our dl  =  1.32 and du = 1.57 so \vith our Durbin-Watson 
statistic value shows no sign of Auto-Correlation in this model 
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4.2 Determinants of Total Factor Productivity 
In the previous subsection, we derived our estimates of total  factor productivity 
from  the production  function  specification where output per worker was  a  fraction  of 
physical capital  per worker and  human capital  per worker.  Now we study total  factor 
productivity and the factors that have influenced its growth in Thailand over the last three 
decades.  We estimate the following equation: 
In TFP = ~o + ~dn  H +  ~21nG  + ~11nINF+  ~41nIT + f3s  InOpen  (10) 
where  TFP is the total factor productivity per worker, H is  the aggregate human capital 
for  the  economy,  G  is  government  consumption,  I  is  the  rate of inflation,  IT  is  the 
investment in Information Technology and Open is  a measure of the country's openness 
to trade. 
We estimate equation (10) for Thailand using ordinary least squares (OLS).  The 
results are as follows: (with standard errors in parentheses below each coefficient) 
In TFP =  7.233 - 0.5141n H - 0.668 In G - 0.024 In 1+ 0.01  In Open -I- 0.331 In  IT  (11) 
(0.730)  (0.109)  (0.073)  (0.024)  (0.029)  (0068) 
Adjusted R2 =  0.866  S.E.E =  0.0467  D.W  = 1.499 
The equation shows that human capital has a significant negative effect on total 
factor productivity, and the effect is statistically significant at the 5 percent level.  This is 
a surprising result, but it is  consistent with many time-series and cross-section studies in 
empirical growth literature.
4 
1 The negative effect of human capital to the TFP is consistent ,vith the study by Benhabib and Spiegel 
(1994). .+0 
Government consumption has.  as  expected,  a  significant  negative  effect  on the 
total  factor  productivity.  An  increasing  government  spending  for  consumption  takes 
away  resources  from  the  more productive segments of the  economy  - a  clear  case  of 
crowding out  Significant growth of  spending on military equipment in the past may be a 
direct reason for this result The result here is consistent with Sach and Warner (1995). 
The inflation rate also has a negative effect on total factor productivity.  A highly 
variable rate of inflation disrupts relative prices  in  different sectors,  and  hence  reduces 
the efficiency in  the use of resources.  This effect is  reflected in  a decline in  total  factor 
productivity. The effect of inflation,  in  a growth context, is  similar to its effect reported 
by  Levin  and  Renelt  (I 992).  Finally,  we  focus  on  the  investment  in  information  and 
technology.  Although,  our  research  has  concentrated  more  on  computers  and  their 
components,  these  are  a  major part of the  information  technology  sector.  Therefore, 
using the data on information technology helps us understand the effect of investment in 
this sector on total factor productivity.  From equation (II), we find that this variable has 
a significant positive effect on total  factor productivity.  Thus,  an  increase in  investment 
in information and technology can help to reduce the cost of management and production 
by  enhancing  the  flow  of  information  by  streamlining  various  operations  in  the 
production process and  in  several  other ways  As  a result. the overall  efficiency in  the 
economy is likely to rise. 
Another variable that could affect total  factor productivity is  openness.  Greater 
openness is expected to associate with rising competition and efficiency in  the economy. 
The results,  however,  show that openness in  Thailand  has  not been a  factor promoting 
significant positive effect on total factor productivity.  It would be  interesting to examine -+J 
the possible effects of  any interaction between openness and other factors, such as  human 
capital on total factor productivity. S 
Table 6:  Determinant of total factor productivity regression 
In TFP  S.E.E 
Intercept  7.233  9.911  0.73 
In  H  -0.514  -4.726  0.109 
InG  -0.668  -9.199  0.073 
In  INF  -0.024  -2.039  0.024 
In Open  0.01  4.883  0.029 
In  IT  0.331  4.867  0.068 
Adjusted R-square  0.832 
SEE  0.046 
DW-Stat  1.4999
6 
5 For an interesting example of such analysis in the context of a panel 83  countries see Miller and 
Upadhyay (1998). 
6 Checking for auto-correlation. Durbin-Watson statistic from our regression is  1.4999. the number of 
explanatory variables (k') =  6. the number of observation (n) =  33.  At  10 percent level. our dl =  1.27 and du 
= 1.81  so \Yith our Durbin-Watson statistic value fall in an inconclusive region. 42 
4.3 Conclusion 
We studied the effect of factors such as human capital, government consumption, 
rate of inflation,  investment in  information and technology and  openness on  total  factor 
productivity in  Thailand.  We first  estimated total  factor productivity as  residuals of a 
production function regression where output per worker depends on physical capital per 
worker  and  human  capital  per  worker.  We  find  that  human  capital,  government 
consumption,  and  inflation  have  negative  effects  on  total  factor  productivity.  On  the 
other hand, openness and especially investment in information technology have a positive 
effect  on  total  factor  productivity.  Consistent  with  our  expectation,  the  information 
technology  investment  seems  to  have  raised  total  factor  productivity  m  Thailand.  It 
follows that  higher investment in  information technology may  be a desirable target for 
government policy to pursue. 43 
Chapter V 

Summary and Conclusion 

This chapter provides a summary of the main points of the thesis  and  derives a 
few policy implications for the computer industry. 
Thailand made a hesitant start in  the computer industry in  the 1980s.  During the 
last decade of low but rising  productivity,  however,  the country has  shown remarkable 
progress. Its revealed comparative advantage finally came to exceed the value  1 in  1997 
The net export index also reveals a similar pattern.  There is  large intra-industry trade in 
the  computer  sector,  which  reflects  two  important  features  of the  industry.  First, 
comparative advantage is  not  restricted to the final  product.  Rather,  different computer 
components can be  separate candidates  for  comparative advantage  in  a given  country. 
Thailand imports many ofthe components in  large amounts while exporting many others 
at  the  same  time.  Due to  lack  of data  on  labor and  other  costs  for  each  component, 
however, it was hard to determine which component of  the computer the country is  more 
efficient  in  producing.  Second,  despite  having  disadvantages  in  several  intermediate 
inputs,  particularly those Thailand  imports heavily  (integrated  circuits,  US$  92  lOb  in 
1997), acquiring a comparative advantage in  the final  product is  possible.  For Thailand, 
relatively  low  cost  of labor  at  medium  to  high  skill  level  has  allowed  the  country 
sufficient learning by doing and economies of  scale. 
The computer industry also  seems to  have  enhanced  the growth  of the overall 
economy through  its  effect  on  total  factor  productivity  (TFP).  Thailand's total  annual investment  in  the  information  and  technology sector,  when  used  in  the  regressIon  for 
TFP, produces a high and significant coefficient. 
Despite impressive development of the Thai  computer industry,  many  problems 
still  remain  The important problems that the industry is  currently facing  can  give us  a 
good idea about the more relevant policies that the government undertakes.  To  name a 
few,  there are problems in  terms of the scarcity of high-skilled labor.  in  the structure of 
the industry, and in  the structure of taxes and  tariffs  First,  scarcity of skilled and  well­
trained manpower works as a threat to Thai competitiveness in  computers.  The industry 
depends heavily on low cost oflabor, but the cost advantage is likely to dissipate soon. In 
order to overcome the wage disadvantage relative to countries such as China. the country 
needs  to realize  large  gains in  labor productivity by  ensuring rising  skills for  its  labor 
force.  It should invest more to improve the quality of labor and create more well-trained 
IT manpower to support high technology industries.  Our regression  indicated that  more 
investment in IT is likely to enhance the country's total factor productivity growth. 
Second,  electronics  are  the  most  important  of export  industries  in  Thailand. 
accounting for one-fourth of the country's total exports. However, most of the exporting 
firms are foreign-owned and a large fraction of the exports involve simple assembly of 
imported parts.  Domestic research and development-based production contributes a very 
small  percentage of exports.  The government  should  adopt  a  policy  to  attract  foreign 
direct investment in the production, rather than just the assembly, of computers and parts. 
and increase the level ofthe country's domestic R&D. 
Third,  the  tax  structure  has  remained  unfavorable  to  local  production.  Even 
though  the  Information  Technology  Agreement,  sponsored  by  The  World  Trade 45 
Organization, has led to significant tariff reduction for many computer and related parts, 
the tariff rates on essential raw material imports, such as metals and plastics are still high, 
which  raises  the  cost  substantially.  The  recent  Asian  Free  Trade  Agreement  (AFT  A), 
stipulates that the electronic and computer tariff be  reduced to 0-5  percent by 2003  and 
zero  percent by 2005.  This  should  eliminate the  effect of tariff disparity  vis-a.-vis  the 
industrial  countries.  Some  firms  may  exit  eventually  as  tariff  removal  will  lower 
domestic prices, but the remaining firms  should then raise the average efficiency in  the 
industry.  Forcing domestic firms to compete with more experienced foreign firms on an 
equal footing can, however, be harmful in the short run. 
The government needs to phase out the tax and tariff subsidies gradually,  based 
on a reevaluation of  the relative competitive position of  domestic firms.  The industry that 
has just gained a comparative advantage will require public support for a few more years 
to solidify the advantage  This recommendation is especially valid in view of  the fact that 
the recent  currency crisis  has  reduced the flow of credit from  domestic banks,  and  has 
forced the firms to borrow in the international capital market at a high rate of interest .+6 
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Appendix I Data for Unit Labor Cost calculation 
1.  Data on number of Thai labor has been categorized by the level of education  They 
are  number  of  labor  with  Certificate,  Diploma  and  Degree  in  computer,  in 
telecommunication  and  in  IT  production,  from  Statistic  Report  of Ministry  of Labor 
(1998) and Thailand Development and Research Institute (1997). 
2.  Wage rate is  also  categorized by  the level  of education,  from  Statistic Report of 
Ministry ofLabor (1998) and Thailand Development and Research Institute (1997). 
3.  Output of the industry is  in  local  currency (baht),  from  Association of Thailand 
Computer Industry. 
4.  Data for Japan's number of workers in  Computer Industry,  Wage rate in  Yen and 
computer output in  Yen  are taken  from  the  Department of Statistic  Web  site  (1998), 
Japan. 
5.  Number of computer workers  in  Taiwan,  wage rate  and  the industry output  are 
from the Taiwan Economic Data Center (December 1998). 
6.  Singapore's number of workers in  the computer industry,  wage  rate  (Singapore 
dollar),  and  output  of the  industry  (Singapore  dollar),  are  from  Singapore  National 
Statistic (December 1998). 
7.  Number of workers in  computer industry,  wage rate  (US  dollar) and  output (US 
dollar)  for  the  United  States  are  taken  from  WITS  A,  International  Data Corporation, 
1998. 50 
Appendix II  Data for calculation of  Revealed Comparative Advantage 
Computer and  parts export of Thailand,  Xij, this  is  the value of computer and  parts 
that Thailand exports to the International market The data is taken from a case study of 
the Thailand Computer industry by Chulalongkorn Univerity (1997) 
1. 	 Thailand's total  export of all  products,  L.:jXij,  this accounted for value of all  export 
products of  Thailand, from the Statistic Report Bank of  Thailand. 
2. 	 World computer export,  L.:iXij, this shows the value of world computer exports.  The 
data is taken from WITSA International Data Corporation 
3. 	 Total world export, L.:iL.:jXij, the value of all products exported for every country in the 
world. Data from World Trade Organization. 
Note. All  data is in US dollars. 
Appendix III  Thailand Net Export Index of  Computers and Parts 
1. 	 Export and Import of computers and parts, from Ministry of  Commerce, Thailand. 
2.  Export and Import of integrated circuits, from Ministry of  Commerce, Thailand. 
Appendix IV, Labor Productivity 
1. 	 Gross Domestic Product of Thailand is taken from the World Statistics Yearbook. 
2. 	 Thai Labor Force, from the World Statistics Yearbook. 
3. 	 The value of total output of computers and parts are taken from the case study of the 
Computer Industry by Chulalongkorn University. 
4. 	 Number of workers in  the computer sector is  extracted from  Computer Industry by 
Chulalongkorn University. 51 
Appendix V  Role ofIT in Total Factor Productivity Growth in Thailand 
. 	 ... ... 
.-..~.  -.  ,..­
The  following  data  is  for  chapter  IV,  Role  of"Tot.aJ4Factor Productivity 
Growth in Thailand. 
The data that we use to estimate equation (I0) are from the following sources 
1. 	 Human  capital,  H,  which  is  the  average  year  of schooling  for  Thai  people,  from 
Historical Data: Asia and the World Statistic Yearbook. 
2. 	 Total government spending,  G is  extracted from  the World  Statistics Yearbook and 
the International Financial Statistics Yearbooks. 
3. 	 The  inflation rate,  I,  the annual  percentage change in  the consumer price  index,  IS 
from the World Statistics Yearbook 
4. 	 Total  Investment  In  information  technology,  IT,  excludes  investment  In 
telecommunications, is from ATCI (Association of Thailand Computer Industry). 
5. 	 Openness,  Open,  is  the  ratio  of exports  plus  imports  to  GDP  Data  for  exports, 
imports,  and  GDP are from International Financial  Statistics,  and  from  International 
trade outlook, Bank of Thailand. 